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Abstract 

This paper reports the transition of the researcher’s teaching before and throughout 
teaching innovation, including one year traditional teaching (1996) and three years 
constructivist teaching (1999-2001). Based on the constructivist view of learning, an 
innovative teaching program was designed and implemented by the author in a 
university physics course in Taiwan. Leaning outcomes of each year were evaluated 
by both academic tests and student questionnaire survey. Results indicated stagnation 
and the students’ criticisms that the researcher had confronted at early stage of 
teaching innovation in contrast to the rewarding outcomes and students’ positive 
appraisal during long-term implementations. The study revealed the complex but 
promising natures of the innovative constructivist teaching. Continuous modifications 
based on students’ feedback and comprehension of learning theories are required to 
achieve a successful teaching innovation. 
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The Rewards and Challenge of Teaching Innovation in University 
Physics • Four Years Reflection 

Introduction 

In recent decades, the development of constructivist view of learning has promoted 
the innovation in science teaching, including the area of university physics. Despite 
the burgeoning reports on the encouraging outcomes from innovative teaching 
programs in university physics (eg., Gautreau & Novemsky, 1997; Meltzer & 
Manivaiman,, 2002), this study found that a successful innovative teaching may need 
long term commitments and continuous modifications to achieve. Over-optimistic 
attitudes towards the outcomes of innovative teaching may result in unexpected 
challenge and dissatisfactory feedback. 

The objective of this study is to evaluate students’ academic achievement and their 
opinions towards teaching and learning before and throughout the innovation teaching 
program, which was designed and implemented by the researcher. Having been 
teaching for 12 years in university physics under uni-directional transmission 
approach, the researcher enrolled in a doctoral program in science education in 1997. 
In 1999, the researcher resumed her teaching position and started to implement an 
innovative teaching program based on constructivist view of learning in her university 
physics classes. 

The data of this study comprised of four years of teaching, applying one year 
traditional teaching (1996) and three years constructivist teaching (1999-2001). Three 
dimensions of comparison were applied, including: 1 . the researcher’s teaching before 
and after teaching innovation, 2. the researcher’s teaching and other physics 
professors’ teaching, 3. the researcher’s teaching throughout the three year innovative 
teaching practice. 

The context of the current study was a year one university physics course for 
engineering at Feng-Chia University, a large private university in Taiwan. The 
university physics course was a two-semester course, consisting of 16 weeks each 
semester. The course included 3 hr/wk lectures and 3 hr/wk laboratories sessions, but 
there was no tutorial/recitation sessions for this course. The size of the lecture class 
was about 55-70 students. Most of the students came straight from high school. They 
were homogeneous in their ages (18-20) and previous study experiences. In the 
lecture classes, physics professors’ major teaching task (including the researcher’s 
prior teaching) involved explaining physics principles/concepts, followed by solving 
manipulating-type problems, and occasionally demonstrating corresponding 
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experiments. The students were expected to listening lecture and copying notes in 
class and practice end-of chapter problems after class, and discussion in class was 
hardly seen . In Taiwan, this type of transmission teaching method is also prevalent in 
high school physics classrooms, thus the incoming students of university physics were 
likely to perceive the didactic teaching approach as normal. 

Literature 

The literature related to this study can be described in three parts: 

Firstly, the innovative teaching design was based on personal and social constructivist 
views of learning, which indicate the crucial role of learners' engaging in cognitive 
processing as well as to participate in social practice when learning physics (Posner, 
Strike, Hewson &. Gertzog, 1982; Hennessy, 1993; Salomon and Perkins, 1998). In 
addition to providing information/answers, teachers are also expected to provide 
abundant questions and time to stimulate students to think and discuss (Driver, Asoko, 
Leach &. Scott, 1995; Roth, McRobbie, Lucas &. Boutonne, 1997). 

Secondly, the literature reported many innovative teaching programs in university 
physics based on constructivist view of learning (eg.. Redish, 1996). Major features of 
these teaching programs are summarized as follows: 

1. focusing on conceptual development rather than mathematical problems solving 
(eg, Gautreau &. Novemsky, 1997; Heller &. Hollabaugh, 1992; Sharma, Millar &. 
Seth, 1999); 

2. providing teaching time for discussion in forms of pairs (eg., Mazur, 1996; 

Meltzer, 2002), small groups, or/and whole class discussions (eg., Heller &. 
Hollabaugh, 1992; Mills, McKittrick, Mulhall 8c Feteris, 1999 ); 

3. Monitoring of learning processes and providing instant feedback to teachers, 
either by inexpensive stationery (eg., Meltzer &. Manivaiman,, 2002) or electronic 
equipments (eg., Beichner, et al., 2000). 

In addition to introducing the design of their iimovative teaching programs, many 
studies reported the outcomes of the teaching iimovation both in academic and 
affection. Most studies noted that although their teaching iimovation reduced 
derivations in traditional problems (in textbooks), their students’ performance in 
solving problems were not worse than, or even superior to, their peers in traditional 
classes (eg.. Crouch &. Mazur, 2001; Gautreau &. Novemsky, 1997 ). Innovative 
students’ performances in conceptual tests were mostly found to be significantly 
better than those of the traditional groups (Hake, 1998; Fagen, Catherine &. Mazur, 
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2002). Meanwhile, the innovative teaching seemed to benefit their students’ affective 
learning outcomes as well as attitudes towards learning physics (eg., Meltzer & 
Manivannan, 2002). 

However, most of the teaching innovation programs in university physics reported in 
the literature were conducted in western countries. The results may not be directly 
transferable to the classrooms in Asia. Meanwhile, a few studies reported the 
outcomes of long term implementations of the innovative teaching (eg. Crouch & 
Mazur, 2001), yet the discussions did not focus on either the progression throughout 
the period or the challenge an education innovator may need to confront, especially 
during the early stage of implementation. The current study focused on the outcomes 
of the same instructor (researcher) before and throughout innovation processes at an 
Asian university. 

Thirdly, the literature reported potential challenge and obstacles that instructors might 
need to confront regarding teaching reform. They were 

1 . the complexity in questioning while conducting inquiry-teaching (Meltzer & 

Manivannan, 2002). Roth (1998) found that both of the context and content of 
the responses and reactions to questions need to be taken into account while 
conducting inquiry-type questioning, which was a complex practice and 
cannot be appropriated easily. Meanwhile, the grasp of an appropriate extent 
and timing of intervention during discussion is very challenging (Bell &. 
Gilbert, 1996); 

2. mismatch of the innovative teaching design and existed assessment-orientation 

was found in many studies (Bell & Gilbert, 1996; Tsai, 2001); 

3. students, who possess transmission view of learning, may regard the 

inquiry-type teaching as ineffective in terms of knowledge accumulation 
(Baneijee, Vidyapati & Vidyapati, 1997; Cottle & Hart, 1996; Mazurl996; 
Maclsaac & Falconer, 2002); 

Bell and Gilbert (1996) suggested that in order to reinforce both of the students and 
the teachers a continued commitment to the ways of improvement in teaching and 
learning, enable them to experience “better learning” is important. The so-called 
“better learning” implies not only better academic performance, but forms a wider 
perspective, which includes greater enjoyment, social cooperation, ownership, 
confidence and motivation. 
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Design of the constructivist teaching 

In this study, the innovative constmctivist teaching provided about a quarter of the 
teaching time for the students to discuss conceptual questions by means of reducing 
the derivations of traditional problems. The reduction of solving problem in class was 
compensated by assigning textbook problems for the students to solve after class. 
Quick tests on the assignment were conducted to monitor the students’ learning. The 
questions for group discussion were mostly embedded by everyday life contexts, and 
some were presented alone with demonstrations. About 6 to 10 questions were 
provided as a worksheet for the group discussion, which took 20 to 30 minutes to 
discuss. While grouping, the researcher firstly assigned one third of the top students 
as the “seeds” of each group and allowed two other students to join the group. During 
the group discussion, the researcher assigned several groups to write their answers on 
the blackboard. Then all the students were encouraged to voluntarily correct the 
answers on the board. Answers of the assigned groups were not graded, while the 
voluntary students who made right corrections received credits. The researcher then 
took 15 to 20 minutes to review the answers and the related theories. 

Methodology 

The outcomes of the teaching program were evaluated by the student questionnaire 
survey and the standardized tests. 

The questionnaire included both closed and open-ended questions. In addition to 
quantitative evaluation of the outcomes of the researcher’s innovative teaching 
program, qualitative responses in the open-ended questions provide insight for 
modifications of further implementation. Closed questions included the students’ 
self-evaluation of their learning achievement and their perceptions of the teaching 
performance. Open-ended questions investigated the students’ opinions of the 
strengths and weaknesses of the teaching design. Both the researchers’ and her 
colleague’s (physicists’) year one students participated in every survey. Participants of 
each year/group varied from 46 to 141, with the total participants being 362 
(researcher’s) and 494 (physicists’). 

To encourage participation and honesty in responses, the anonymous survey was 
conducted after the course was finished of the academic year by research assistances. 

In order to examine the students’ academic achievement during the course, the 
researcher translated two standardized tests. Force Concept Inventory (FCI)(Hestenes, 
Wells & Swackhamer, 1992) and Mechanics Baseline Test (MBT)(Hestenes & Wells, 
1992). The split-half reliabilities of the two tools were around r = 0.72 after 
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Spearman-Brown modification. Four innovative classes taught by the researcher and 
four conventional classes taught by three physicists were examined. About 50-60 
students in each class completed both pre-test and post-test. 

Results 

The outcomes of the researcher’s teaching can be described in three areas; 1 . 
comparison of academic performance between the students of innovative teaching and 
traditional teaching, 2. quantitative analysis of closed questionnaire survey, and 3. 
qualitative analysis of open-ended questions. 

Firstly, the results of the students’ performance in the two standardized tests are 
tabulated in Table I. Gain percentage was utilized to examine the students’ academic 
achievement during learning university physics, which is defined as 
(posttest-pretest)/( 100-pretest), indicating the ratio of what has been gained to what 
have been unlearnt (Hake 1998). The literature indicated that gain% can be 
independent to the students’ background (Savinainen & Scott, 2002). 

Table I: Comparison of the students’ academic achievement in conventional classes and the 

innovative classes 

Conventional Teaching Innovative Teaching 

Tests Yr Pre post Yr Pre post 

(physicists) test test Gain% (researcher) test test Gain% 

FCI 2001(A) 60.9 64.6 5 2001(R* **) 62.6 68.7 12 

2001(B) 70.2 67.3 5 200 1(R) 63.8 73.4 23 

MBT 1997(A) 48.6 51.2 5 2000(R) 45.0 51.9 13 

1997(C) 52.8 56.8 9 2000(R) 50.9 63.0 25 

* A, B, C: three different physicists’ teaching in conventional classes, 

**R: innovative teaching program implemented by the researcher. 

Table I showed that the gain percentages of the four conventional classes, varied from 
5% to 9%, with most classes received as low as under 10%. In contrast, the gain 
percentages of the four innovative classes varied from 12% to 25%. The data obtained 
from the two consecutive year of innovation teaching may be insufficient to make any 
assertion regarding the progression throughout the process. Despite the fact that the 
gain percentages of both groups found in this study appeared to be lower than those 
reported from western countries in the literature (eg.. Hake, 1998), the innovative 
teaching program seemed to provide light for improving the disappointing outcomes 
found in conventional classes. 




Secondly, the students’ perceptions of how they have learnt and how their teaching 
had performed in the closed questionnaire survey have been analyzed. Opinions of the 
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researcher’s students, in both traditional teaching (1996) and innovative teaching 
(1999-2001) were compared with the physicists’ students respectively. One- tail t-test 
was adopted to evaluate the statistical significance, and the probabilities of the t-test 
are listed in Table II. 



Table II: Perceived learning outcomes: Probability of one-tail t-test comparing the researcher’s 
and other physicists’ teaching 



Researcher’s teaching 


traditional 


I n n 0 V a t 


i V e 


teaching 


Year 

(N, researcher’s : physicists’) 


1996 

(77:125) 


1999 

(46:113) 


2000 

(106:115) 


2001 

(143:141) 


physics concept comprehension 


*0. 0086 


0. 031 


**3E-04 


0.0296 


knowledge for advanced study 


*0. 0021 


0.78 


*0.003 


0.131 


mathematical ability 


0. 0954 


(-)**5E-04 


0.253 


0.373 


application in everyday life 


0. 4224 


**2E-06 


**4E-04 


♦♦7.96E-07 


thinking/reasoning ability 


0. 4831 


0. 052 


**2E-04 


*0.00893 


flexible/deep learning strategies 




*0. 003 


**2E-07 


**3.99E-04 


interest in learning physics 


0. 0673 


0.018 


**4E-06 


**2.44E-04 



♦p<0.01 ♦♦p<0.001 



During traditional teaching in 1996, the researcher’s teaching seemed to benefit to her 
students in the development of physics concept and knowledge, when compared to 
those of her colleagues’ teaching. However, under similar teaching approach, the 
researcher’s teaching seemed to help just as much as her colleagues in developing 
learning ability and learning attitudes. 

The situation in the first year of teaching innovation in 1999 has been changed 
drastically. The prior strengths found in the researcher’s teaching in developing 
students’ physics knowledge were absent. The researcher’s students seemed to learn 
more in application of everyday life but gain less in mathematical ability comparing 
with their peers in physicists’ classes. The results may reflect the modifications of the 
innovative teaching design which reduce mathematical derivations and introduce 
more everyday life examples. Despite the efforts that the researcher had put on 
introducing an abundant of contextualized conceptual questions and organizing 
groups to stimulate the students’ thinking and discussion, the expected outcomes of 
conceptual comprehension, thinking ability, and interest in physics, were not 
significantly superior to those of the conventional classes. 

In 2000, the second year of innovative teaching, the researcher had made several 
modifications of the curriculum design. On one hand, the researcher proposed the 
abandon of the unified syllabus/examination system as well as expressing stricter 
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attitudes in managing students, eg., roll-calling and assignment tests. On the other 
hand, the researcher continuingly developed contextualized conceptual questions and 
persisted on the conduction of group discussion in class. The learning outcomes of the 
second year innovative teaching appeared to improve significantly in most aspects, 
including physics concepts and knowledge, thinking ability, flexible learning 
strategies, and interest towards learning physics. Meanwhile, the strategy of reducing 
solving problems seemed not to hurt to the students’ mathematical ability comparing 
with their peers in conventional class. 

Due to the supportive results found in the year 2000, the third year innovation 
teaching was mostly kept the same as that of the previous teaching, and the evaluation 
results in 2001 were similar to those of year 2000. 

In addition to the self-evaluation of their learning, the study investigated the students’ 
perceptions of teaching performance, and the results were listed in Table III. 



Table III: Perceived Teaching Performance: Probability of one-tail t-test comparing the 
researcher’s and the physicists’ teaching 



Researcher’s teaching 


traditional 


Innovative teaching 


Year 

(N, researcher’s : physicists’) 


1996 

(77:125) 


1999 

(46:113) 


2000 

(106:115) 


2001 

(143:141) 


Knowledge in physics 


0.356 


0.037 


0.357 


0.185 


Pedagogical knowledge basis 




0.572 


0.253 


0.0822 


Introducing everyday life examples 


0.065 


0.086 


**3E-06 


**2.'2E-10 


Encouraging discussion in class 


0.293 


**3E-08 


*0.003 


**2.4E-18 


Lucid lecture 


*0. 0043 


0. 463 


*0.006 


*0.00289 


Being aware of learning outcomes 




0.421 


**2E-04 


**2.45E-04 



*p<0.01 **p<0.001 

Table III showed that features of the researcher’s teaching perceived by her students 
varied dramatically before and throughout the teaching innovation. Before innovation, 
in 1996, the only strength that the researcher’s students praised to her teaching was 
providing lucid lecture comparing with her colleagues’ teaching. However, during her 
first year of teaching innovation in 1999, the strength of the researcher’s teaching 
seemed to deteriorate, while the students noticed the efforts that the researcher had put 
on encouraging discussion in class. This teaching strategy had always become a 
noticeable feature to the researcher’s students during the three year innovation. The 
second year teaching innovation in 2000 seemed to receive high appraisal from the 
students in most aspects of teaching performance, and the positive responses appeared 
similarly in year 200 1 again. One thing need to be noted here that despite the fact that 
the researcher was the only instructor majored in the area of science education, the 
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students seemed not to notice the researcher’s strength on pedagogical knowledge 
basis. This implied that the students in innovative teaching put their appraisal on the 
curriculum and teaching style rather than the personal characteristics of the instructors. 
Table II and III showed that the students’ perceptions of how they had learnt and how 
the teachers had performed seemed to reflect fairly well to each other. 

Finally, the students’ comments towards the researcher’s teaching in open-ended 
questions were analyzed in Table IV, which is discussed in four aspects as following: 



Table IV: A comparison of the students’ comments towards the researcher’s teaching before 

and throughout innovation 




Traditional 


Yrl innovation 


Yr 2 innovation 




(1996, N=54) 


(1999, N=41) 


(2000, N=80) 


strengths 








Lucid lecturing 


18(33%) 


2 (5%) 


8 (10%) 


Encouraging discussions 


1 (2%) 


14 (34%) 


20 (25%) 


Everyday- life examples 


19(35%) 


29 (71%) 


33 (41%) 


Inspiring/thinking 


3 (5%) 


8 (20%) 


11 (14%) 


Interest 


3 (5%) 


2 (5%) 


8 (10%) 


weaknesses 








Incapable teaching 


0 


12 (29%) 


6 (8%) 


more life examples/reduce math 


17(31%) 


1 (2%) 


7 (9%) 


Boring/tiring 


7(13%) 


3 (7%) 


3 (4%) 


Inappropriate management 


4 (7%) 


1 1 (27%) 


9(11%) 


Course impractical/useless 


5 (9%) 


0 


0 


Extend teaching time 


0 


0 


5 (6%) 



(1) lucid lecture or incapable teaching 



While traditional teaching, the highest appraisal from the researcher’s students to her 
teaching was providing lucid lecture. However, in the first year innovation teaching, 
the students were found to possessed opposite perceptions towards the researcher’s 
teaching. Incapability in teaching performance became the highest concerns from the 
researcher’s students. Twelve out of 54 students expressed their criticisms towards the 
researcher’s lecturing skills/design, which included vague interpretations, 
unsystematic structure, untidy in board-writing, key points absent, irrelevant examples, 
no unified teaching method, teacher not professional. . .etc. The results implied that 
while an innovative teacher put more awareness on students’ learning 
engagement/process, the teaching performance might deteriorate in turn. The 
incapability of teaching performance may become a noticeable problem to the 
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students who possess transmission view of learning. 

The results provided the researcher a sign of warning leading her to put more efforts 
on lecturing performance. In the second year, the problem of lecturing appeared to be 
mentored with more preparation efforts as well as the accumulation of teaching 
experiences. 

(2) interactive or didactic 

Introducing conceptual questions to engage students in group discussion was one 
important strategy of the innovative teaching. This feature in innovative teaching 
received many students’ positive responses in contrast to only one response in 
traditional year. Meanwhile, the traditional students seemed not to concern about the 
absent of student discussion in class. Without experiencing an interactive teaching, the 
traditional students may regard the didactic teaching as normal, and encouraging 
discussion seemed not to be an issue of concern. 

(3) real examples or irrelevant theories 

The conceptual questions for group discussion were mostly embedded in contexts of 
everyday life in the innovative teaching. The feature received the highest praise from 
the innovative students in both years. In traditional year, although many students 
pointed out their affection towards the introduction of real examples, strong 
expectations of providing more examples were proposed. Thus, this issue seemed to 
receive most students’ concern regardless of their learning experiences. 

(4) boring or inspiring 

The traditional students’ appreciation towards the researcher’s teaching on providing 
lucid lecturing seemed not to result in their engagement in learning. On the contrary, 
the feeling of boredom and tiring appeared to be a major problem of the traditional 
students. The problem of lack of learning engagement was dramatically overcome by 
innovative teaching. In both of the innovative teaching years, significantly less 
students felt bored and more students felt inspiring/thinking provoking comparing 
with those of the traditional year. The strategies of introducing life examples and 
group discussion may play a crucial role on engaging students’ thinking/leaming. 

(5) student management 

Comparing with the traditional group, the innovative students expressed higher 
concerns on the inappropriate student management from the researcher. More 
responses as well as multiple-dimensional criticisms were raised towards the 
innovative teaching in the aspect of student management comparing with those of the 
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traditional. The innovative group’s concerns included threshold of passing, class order, 
calling attendance, mismatch between teaching and examination, while the traditional 
group merely focused on threshold of passing. Comparing with the traditional didactic 
teaching, innovative constructivist teaching may focus more on monitoring students’ 
learning engagement, in-class and out-of-class. The low standard of student 
management of the whole university may become a barrier to the researcher’s student 
management. 

(6) value of the course 

The last is the students’ perceptions of the value of taking the course. In traditional 
year, five students complained about the impracticalness of the course and/or argued 
against the existence of the course. On the other hand, the second year of innovation, 
five students complained about the shortage of teaching time and/or asked for 
extension of the teaching time. The “complaint” of the latter group implied their 
appreciations of the value of the course, which can be regarded as compliment rather 
than criticism to the innovative teaching. 

Conclusion and Discussion 

In conclusion, during traditional teaching (1996), the researcher’s students expressed 
their appreciation towards her teaching on providing lucid lecture but still felt a sense 
of boredom during the course. Although more of the researcher’s students agreed with 
the development in physics concepts and knowledge when compared with other 
physicists’ students (found in closed questions), the course seemed to be unsuccessful 
in engaging students in thinking and learning in class (implied from the open-ended 
questions). 

When the researcher attempted to improve learning by implementing the first year 
innovative constructivist teaching (1999), the outcomes appeared to be far under the 
researcher’s expectations. Although the researcher’s students noticed the two 
strategies of the innovative teaching, ie, providing real examples and encouraging 
discussions (showed in both open-ended and closed questions), the teaching strategies 
seemed not to lead to the expected learning outcomes in developing students’ 
conceptual comprehension, learning ability, and attitudes towards learning physics. 

The innovative students even argued against the researcher’s teaching proficiency, 
which used to be a major strength praised by the prior students. In other words, the 
first year innovative teaching failed to fulfill the objectives in constructivist 
perspectives while losing the existed strength of transmission perspectives. The 
dissatisfactory results revealed the profound challenge and risks innovative teachers 
might confront. 
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Reflecting from the unsuccessful innovative experiences, the researcher made several 
efforts to overcome the possible barriers as well as modify her teaching as to be more 
suitable to the students, which will be discussed later. The outcomes of the second 
year irmovative teaching (2000) improved dramatically. Most of the researcher’s 
students appreciated and praised the features of the teaching design (closed questions), 
and many students made links from teaching design to their learning engagement 
(open-ended questions). Learning outcomes, both in academic achievement and 
attitudes towards learning physics, of the researcher’s class were found to be 
significantly better than those of other physicists’ classes. In spite of the encouraging 
results formd from the majority of students, minor but real criticisms remain exist. 
Teaching styles and student evaluation criteria became the main concerns of these 
skeptical students (formd in open-ended questions). Maintenance of the positive 
learning outcomes and elimination of the minor skepticism were the objectives for 
ongoing teaching. 

The outcomes of the third year teaching irmovation (2001) appeared to be similar to 
that of the second year irmovation. Although the irmovative class seemed to perform 
better than other physicists’ classes in academic tests, there were no signs of 
improvement from the researcher’s students during the two consecutive years. The 
gain percentages in academic tests of the irmovative students remained lower than 
those reported by western programs, which is a goal to pursue for the researcher in 
ongoing teaching. 

Throughout the three years of irmovative teaching, the researcher gradually 
comprehended the challenge and barriers of a constructivist teacher may confront. 
Many efforts need to be in place to achieve a successful teaching irmovation. 
Suggestions to potential irmovative teachers are discussed as follows: 

1 . Demands of teaching performance and preparations 

The demands for irmovative teachers in teaching performance are much higher than 
those for traditional teachers (Bell and Gilbert, 1996, p.ll2; Meltzer& Manivarman, 
2002). In order to conduct a successful session, irmovative physics teachers may need 
to search for related real examples, embed the examples into discussion questions, set 
up equipment and practice demonstration, cultivate supportive atmosphere to promote 
the participation of discussion, and organize teaching sequence to allow the continuity 
of the discussion and instructions. . . etc. All these efforts may harm the performance 
of irmovative teachers in giving lucid lecture, which may be the single major task for 
traditional teachers. Meanwhile, in order to inspire the students’ thinking and 
discussion, irmovative teachers need to provide their students with novel and open 
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questions, which may, in turn, stimulate a wide range of novel answers and/or 
questions from the students. It may be challenging for the teacher to respond to these 
answers/questions immediately in front of the class. All of these “extra” demands may 
harm the teaching performance in the transmission perspective and even challenge to 
the teachers’ professional capability. 

2. Consistency of teaching and assessment design 

The innovation teaching program not only modified the model of teaching and 
learning in class, but also shifted the criteria of learning achievement. In accordance 
with the rationale of literature in physics education (eg, Gautreau & Novemsky, 1997; 
McDermott, 1993), the researcher’s innovative teaching focused on conceptual 
comprehension rather than mathematical skills. However, a unified examination 
system, which is dominated by traditional problems, had resulted in the mismatch 
between what the researcher had taught and what the students should learn. With the 
researcher and several of her colleagues’ efforts, the over 10 years unified policy was 
finally abandoned in 2000. The unified system may contribute to the unsatisfactory 
outcomes of the first year innovation, where many students complained about the 
mismatch between teaching and assessing (in open-ended questions). 

3. Impact of the existed culture in the teaching contexts 

The culture of the teaching contexts may also exert impact to the outcomes of the 
innovative teaching. Didactic way of teaching still dominates most of the physics 
classes in Taiwan, and the previous learning experience may impede the students’ 
acceptance to the innovative teaching design. Some students may argue against the 
effectiveness of the novel teaching, when the teachers stop lecturing to engage 
learning practice. A few students wondered why bothered listening to peers’ wrong 
answers instead of the teacher’s correct answers. Meanwhile, after six years of 
intensive pressure on high school studies, many Taiwanese university students possess 
negative attitudes towards the new stage of studies. The passive attitudes towards 
university study become another barrier impeding the outcomes of innovative 
teaching, which normally require more learning engagement in class and out of class. 

4. Careful usage of grade incentive 

Grade incentive can be an effective tool to enforce learning commitment, but too 
much emphasis on grades may undermine students’ intrinsic learning motivations in 
(Trigwell and Prosser, 1991). The rule of using grade incentive is closely determined 
by students’ learning attitudes. At the early stage of the first year innovative teaching, 
the researcher intentionally reduced the role of grading while teaching, to avoid 




14 



14 



er|c 



deterioration of interest towards learning physics. While depressingly, the strategy 
was found to be inappropriate to many of the students, who were not prepared to learn 
conscientiously at the beginning and were eventually totally absent in class eventually. 
Unfortunately, it was found too late to modify the researcher’s attitudes in managing 
students after the first impression has been established in the students’ mind. 

Reflecting from the unsuccessful year, the researcher increased the role of grades in 
the following years, which were found to be fairly appropriate to the current students. 

In summary, throughout the four years of teaching, this study has indicated the 
encouraging outcomes successful innovative teaching may achieve. However, 
multiple-dimensional challenge and barriers may need to be overcome before 
obtaining the achievement. Improvement of teaching and learning may need 
long-term commitments and persistence. 
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